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AB S T RAC X 

The performance e v a l u a t i o n  t e s t  was conducted as Phase 11, Task 2 o f  
Con t rac t  NAS9-4238 as d e f i n e d  i n  AiResearch Progress Report SS-3826-2 

The purpose o f  t h e  s u b j e c t  t e s t  was t o  determine t h e  performance o f  t h e  
spacecraf r  regenerable moisture-removal  system under !&-day s p a c e c r a f t  m i s s i o n  
s i m u l a t i o n ,  v a r y i n g  the  m o i s t u r e  i n j e c t i o n  r a t e s .  The t e s t  o b j e c t i v e s  were 
t o  determine ( !  j t h e  amount o f  mo is tu re  t h a t  t h e  system adsorbs,  (2 : '  dew 
p o i n t s  i n  and o u t  o f  t h e  system and t h e  c a b i n  dew-point  p r o f i l e ,  ( 3 )  bed 
temperatures as a functFon o f  t ime ,  ( 4 )  c y c l e - t i m e  e f f e c t s ,  and ( 5 )  e f f e c t s  
of  extended c y c l i n g .  

A I  1 o f  t h e  t e s t  o b j e c t i  yes I i sted above were met i n t h i s  t e s t ,  and t h e  
r e s u l t s  a r e  presented i n  t h i s  r e p o r t .  
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SECTION I 

GENERAL INFORMATION 

I .  I SYSTEM DESCRIPTION 

The s p a c e c r a f t  regenerable moisture-removal  system i s  designed t o  adsorb 
wa te r  f rom t h e  spacec ra f t  cab in  gas and r e j e c t  t h i s  wa te r  t o  space vacuum on 
a c y c l i c  b a s i s ,  u s i n g  automat ic  equipment. 

The system (F igu re  1 - 1 )  cons i s t s  o f  a s i n g l e  sorbent  bed and hea t  
exchanger u n i t ,  a mo to r i zed  b u t t e r f l y  v a l v e  t o  c o n t r o l  c a b i n  a i r  f l o w  th rough  
t h e  u n i t ,  another  mo to r i zed  v a l v e  to  p r o v i d e  r e j e c t i o n  o f  t h e  wa te r  t o  vacuum, 
a check v a l v e  t o  i s o l a t e  t h c  system from t h e  c a b i n  d u r i n g  vacuum desorpt ion,  
and a f a n  t h a t  p rov ides  f l o w  through t h e  system and a d d i t i o n a l  f l o w  about t h e  
Gemini c a b i n  f o r  v e n t i l a t i o n .  The c o o l a n t  f lows c o n t i n u o u s l y  through t h e  
p l a t e - f i n  heat  exchanger a t  constant  temperature.  

The system removes water  by adsorb ing m o i s t u r e  f rom t h e  c a b i n  gas as i t  
passes through t h e  so rben t  bed/heat exchanger. As t h e  m o i s t u r e  i s  adsorbed i n  
t h e  s i l i c a  gel,  a q u a n t i t y  o f  heat  i s  l i b e r a t e d  and t r a n s f e r r e d  t o  t h e  c o o l a n t  
i n  t h e  hea t  exchanger passages. A t  a p r e s e l e c t e d  t ime-cyc le  i n t e r v a l ,  t h e  
m o t o r i z e d  v a l v e  t h a t  c o n t r o l s  t h e  cab in  gas f l o w  i s  a u t o m a t i c a l l y  closed, 
a l l o w i n g  t h e  check v a l v e  t o  c lose .  
d u c t  i s  then opened and remains open f o r  a des ignated l e n g t h  o f  t i m e  f o r  
d e s o r p t i o n .  A t ,  t h e  end o f  t h i s  t ime per iod,  t h e  vacuum v a l v e  i s  closed, t h e  
c a b i n  gas f l o w  v a l v e  i s  opened, causing t h e  check v a l v e  t o  open, and t h e  
a d s o r p t i o n  c y c l e  s t a r t s  again.  

The mo to r i zed  v a l v e  c o n t r o l l i n g  t h e  vacuum 

The f a n  operates c o n t i n u o u s l y  a t  a gas f l o w  r a t e  o f  from 50 t o  70 cfm. 
Most o f  t h e  f l o w  through t h e  f a n  i s  p rov ided  by t h e  p o r t s  l oca ted  upstream 
o f  t h e  fan.  The p o r t s  a r e  s i zed  t o  a l l o w  a p r e s e l e c t e d  f l o w  r a t e  through 
t h e  so rben t  bed/heat exchanger p lus  a d d i t i o n a l  gas f l o w  t o  m a i n t a i n  c a b i n  
gas c i r c u l a t i o n  so t h a t  m o i s t u r e  from remote p a r t s  o f  t h e  cab in  may be adsorbed. 

The es t ima ted  system performance i s  g i v e n  i n  Table 1 - 1 ,  wh ich l i s t s  
a n a l y t i c a l l y  d e r i v e d  va lues o f  temperature, f l o w  r a t e s p  and c y c l e - t i m e  
i n t e  r va  1 s . 
I .2 COMPONENT DESCRIPTION 

I . 2 .  I Moto r i zed  Valves 

Two moto r i zed  va lves a r e  i n s t a l l e d  on one o f  t he  heat exchanger i n l e t  
plenums. One v a l v e  c loses o f f  the gas f l o w  through t h e  sorbent  bed; t he  
o t h e r  v a l v e  opens the  sorbent  bed t o  vacuum. 

The va lves a r e  2 .0 - i n .  diameter Gemini cab in -ou t f l ow  b u t t e r f l y  spoon 
va l ves  ( P a r t  122634-1-1),  mod i f i ed  t o  accept  a motor f o r  au tomat i c  sequencing 
i n s t e a d  o f  t h e  manual dev ice.  The motors a r e  s tandard a i r c r a f t  p r o d u c t i o n -  
q u a l i f i e d  ac tua to rs ,  m o d i f i e d  a t  t h e  mount ing base t o  a t t a c h  t o  the Gemini va lve.  
The a c t u a t o r s  have b a c k - l i m i t  switches t o  f a c i l i t a t e  automat ic  sequencing. 
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TABLE 1 - 1  

3 

4 

SYSTEM D ESCR I PT I O N  

Sorbent t ime c y c l e  ! 
Adsorpt ion,  min 

Desorpt ion,  min 

30 

15 

Gas f l o w  r a t e  

Sorbent bed, l b / h r  

Fan, cfm 

15 

50 

Flow, l b / h r  80 

I n 1  e t  temperature, OF 60 

Va 1 ves 

Cycle time, sec 

Energy 

Vol tage ( f l i g h t  u n i L ) ,  v ac 

Vol tage (R&D u n i t ) ,  v dc  

20 

I15 
28 

Cur ren t  ( b o t h  u n i t s ) ,  amp 0.5 

Valve a c t u a t i o n  sequence 

Close Cabin 7 

To adsorb 
Close Vacuum 

Open Cabin 
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I .2 .2  Check Val ve 

The check v a l v e  t h a t  seals  the end o f  t h e  sorbent  bed o p p o s i t e  t h e  
m o t o r i z e d  spoon va l ve  i s  a p r o d u c t i o n  i t e m  q u a l i f i e d  i n  t h e  Gemini program 
and used i n  t h e  s u i t - l o o p  r e c i r c u l a t i n g  l i n e  ducts .  The v a l v e  ( P a r t  123374) 
i s  3 . 0  i n .  i n  d iameter  and has molded O - r i n g  sea ls .  The check valve, which i s  
p laced  i n  t h e  f a n  plenum downstream f rom t h e  heat exchanger, i s  designed t o  
w i t h s t a n d  vacuum on one side, and t o  seal  a g a i n s t  leakage t o  t h e  p o i n t  o f  a 
f l o w  r a t e  t o  vacuum of  l ess  than 0.0005 l b  pe r  min.  The check v a l v e  has a 
c r a c k i n g  p ressu re  o f  l ess  than 0.5 i n .  H20. 

1 . 2 . 3  Sorbent Bed/Heat Exchanqer 

The so rben t  bed/heat exchanger used i n  t h i s  system c l o s e l y  matches t h e  
envelope o f  t h e  e x i s t i n g  Gemini cabin heat  exchanger, i n  t h a t  i t  has t h e  
same e x t e r n a l  dimensions w i t h  regard t o  mount ing p r o v i s i o n s ,  length,  he igh t ,  
and w i d t h .  The gas f l o w  openings, however, a r e  f l anged  so t h a t  t he  f a n  and 
v a l v e  plenums can be a t tached  t o  the c o r e  and t h e  sorbent  can be  i n s t a l l e d .  
Also, one s e t  o f  f l u i d  c o o l a n t  passages, w i t h  t h e i r  e x t e r n a l  connec t ing  
bosses, has been removed. 

The i n t e r n a l  c o n f i g u r a t i o n  o f  t h e  hea t  exchanger c o r e  i s  m o d i f i e d  t o  
a l l o w  f o r  an i nc rease  i n  t h e  number o f  gas passages and i n  t h e  gas-passage 
v o i d  volume; s t r a i g h t  f i n s  a r e  used i n  p l a c e  o f  t h e  o f f s e t  f i n s  t o  enable 
f i l l i n g  t h e  v o i d  space w i t h  t h e  s i l i c a  g e l  sorbent .  P e r t i n e n t  heat  exchanger 
d a t a  a r e  g i v e n  i n . T a b l e  1-2. 

1.2.4 Fan - 
The fan  i s  a reworked p r o d u c t i o n  Gemini cab in  fan.  The power, t h e  f a n  

speed, and t h e  c a b i n  c i r c u l a t i o n  c o n d i t i o n  c o n d i t i o n s  remained p r a c t i c a l l y  
unchanged. Rework was necessary because t h e  p resen t  c o n f i g u r a t i o n  o f  t h e  
f a n  i s  r e q u i r e d  t o  draw gas through t h e  so rben t  bed/heat exchanger, i n  con- 
t r a s t  t o  t h e  p rev ious  f l ow- th rough  c o n f i g u r a t i o n .  

The f a n  p rov ides  50 t o  70 cim u i  yds c i r c u i d t i u r i  i r i  t h e  cabiri, w h i l e  
m a i n t a i n i n g  t h e  des ign  gas f l o w  r a t e  th rough  t h e  sorbent  bed/heat exchanger. 

I .3 TEST PROCEDURE 

The t e s t  was conducted i n  accordance w i t h  the  procedure s t i p u l a t e d  i n  
AiResearch Progress Report  SS-3826-2, Pages 3-6,  3-7,  and 3-8 .  D e t a i l e d  
procedures a r e  desc r ibed  i n  Sect ion 2 .  
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TABLE 1-2 

HEAT EXCHANGER DESCRIPTION 

Size, e x t e r n a l  

Height,  i n .  

Length, i n .  

Width, i n .  

4.5 

5.5 

6 .5  

Size, i n t e r n a l  

Number o f  gas passages 

F i n  h e i g h t ,  i n .  

F i n  width,  i n .  

F i n - p l a t e  width,  i n .  

F i n - p l a t e  length,  i n .  

T o t a l  sorbent  volume, cu i n .  

Face area, s q  i n .  

12 

0.25 

0.25 

6.45 

5.25 

too 
19.4 

Area t o  l e n g t h  r a t i o ,  i n .  3.68 

Mater i a 1 

S t a i n l e s s  s t e e l  

Coo 1 a n t  1 oop 

Number of loops I 

Sorbent 

Weight, l b  

M o i s t u r e  content,  l b  

Residence time, sec 

2.65 

0.265 

0 .4  
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SECTION 2 

TEST SETUP AND INSTRUMENTATION 

2.1 GENERAL 

The t e s t  specimen i n s t a l l a t i o n  i n s i d e  t h e  vacuum chamber i s  shown 
s c h e m a t i c a l l y  i n  F i g u r e  2-1 and p i c t o r i a l l y  i n  F i g u r e  2-2. F i g u r e  2-3 shows 
the o v e r a l l  t e s t  setup i n c l u d i n g  dew-point analyzers,  c o o l a n t  c a r t ,  c o n t r o l  
console, and vacuum chamber. The condenser t h a t  was b u i l t  f o r  t h i s  t e s t  t o  
f r e e z e  t h e  water  d u r i n g  d e s o r p t i o n  c y c l e s  i s  shown i n  F i g u r e  2-4. Twenty- 
seven parameters were recorded du r ing  t h e  t e s t ,  u t i l i z i n g  a D i g i t a l  Data 
A c q u i s i t i o n  System. I n  t h e  f o l l o w i n g  paragraphs t h e  s p e c i a l  equipment and 
i n s t r u m e n t a t i o n  used d u r i n g  t h e  t e s t  a r e  b r i e f l y  descr ibed.  

2.2 SYSTEM TEST CONTROL CONSOLE 

The system t e s t  c o n t r o l  console was used t o  i n i t i a t e  commands t o  the  fan, 
t he  systems s h u t o f f  valves, and the remote ly  ac tua ted  t e s t  va lves  and a l s o  
t o  c o n t r o l  water  i n j e c t i o n  r a t e s  i n t o  t h e  chamber and hea t  i npu ts .  Inst rumen- 
t a t i o n  f o r  v i s u a l  m o n i t o r i n g  was prov ided f o r  c e r t a i n  parameters--e.g., fan  
vol  tage and amperage, chamber pressure, va l ve  vo l  tage and amperage, hea te r  
wattage, e t c .  The e l e c t r i c a l  schematic o f  t h e  c o n t r o l  conso le  and t h e  t e s t  
se tup  i s  shown i n  F i g u r e  2-5. 

2 - 3  DEW-POINT ANALYZER 

Dew p o i n t s  were ob ta ined  b y  u t i l i z i n g  AiResearch dew-point  ana lyzers .  
Through the  network o f  t o g g l e  valves loca ted  i n  t h e  c o n t r o l  console, i t  was 
p o s s i b l e  t o  s e l e c t  va r ious  samples. To e l i m i n a t e  t h e  p o s s i b i l i t y  o f  water  
vapor condensing i n  the  sampl ing l ines ,  l i n e  h e a t i n g  elements and i n s u l a t o r s  
were used i n  a d d i t i o n  t o  thermal  i n s u l a t o r s  on a l l  bu lkhead f i t t i n g s .  Dew 
p o i n t s  were recorded on a Brown M u l t i p e n  reco rde r .  F i g u r e  2-6 presents  a 
schemat ic  o f  t h e  pressure  and dew-point sampl ing p o i n t s .  

2.4 COOLANT CART 

A c o o l a n t  c a r t  was used t o  p rov ide  t h e  necessary c o o l i n g  f o r  system 
o p e r a t i o n .  By means o f  an automat ic  c o n t r o l  system, any p r e s e l e c t e d  c o o l a n t  
tempera ture  between -7OOF and 2OO0F can be achieved.  
c o o l a n t  temperature a t  t he  heat  exchanger i n l e t  was ma in ta ined  a t  a nominal 
6OoF and t h e  f l o w  a t  80 l b  per  h r .  
c o o l a n t  medium. 

For t h i s  t e s t  the  

Monsanto MCS-198  f l u i d  was used a s  t h e  

2.5 VALVE ACTUATION 

Remote a c t u a t i o n  was incorpora ted  on a l l  va lves  t o c o n t r o l  the system and 
t o  ach ieve  d i f f e r e n t  modes o f  ope ra t i on  (adsorb-desorb) .  A1 1 s i g n a l s  f o r  
t hese  a c t u a t i o n s  were o r i g i n a t e d  a t  t h e  c o n t r o l  console.  
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VACUUM SOURCE AND COLD TRAPS 

H I G H  A L T I T U D E  
C HAMB ER 
(88  CU F T  VOLUME 
A T  5 P S I A  A I R  
PRESSURE ALTITUDE) I_ 

VALVE I 

COOLANT OUT 

COOLANT I N  I @COX FLOWMETER 

PUT b I N  

PRESSURE 1 

-VACUUM - 

-TEMPE WTU RE 1 
(HEAT EXCHANGER, GAS) 

T T T  HEAT 

A - 1304 7 -A 

Figure 2-1. Development Test Setup Schematic 
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F i g u r e  2-2.  I n s t a l l a t i o n  of: t h e  T e s t  Specimen I n s i d e  
t h e  Vacuum Chamber ;R/N 630275-1 ) 
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F i g u r e  2 - 3 "  Overa l  
System 
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F i g u r e  2 - 4 .  Condenser I n s t a l  l a t i o n  
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2.6 WATER E VAPORATOR 

The water  was i n j e c t e d  i n t o  the chamber i n  t h e  vapor form by u t i l i z i n g  a 
porous vessel  w i t h  an i n t e g r a l  heater  element. Heat l oad  i n t o  t h e  h e a t e r  was 
c o n t r o l  l e d  by a Var iac  and moni tored w i t h  panel  meters l o c a t e d  on t h e  console.  
A f lowmeter was used t o  m o n i t o r  water i n j e c t i o n  r a t e s  w i t h  backup readings o f  
w e i g h t  r e d u c t i o n  of  t h e  wa te r  source. 

2.7 INSTRUMENTATION 

P r o v i s i o n  was made t o  a u t o m a t i c a l l y  r e c o r d  t h e  d a t a  l i s t e d  i n  Tab le  2-1 
from i n s t r u m e n t a t i o n  l oca ted  as shown i n  F igu res  2-6 and 2-7,by means o f  a 
E T g i t a l  Data A c q u i s i t i c n  System. In a d d i t i o n ,  the v i s u a l  readout inst rumenta-  
t i o n  shown on t h e  system c o n t r o l  panel was used f o r  s e t t i n g  c o n d i t i o n s  and 
was a l s o  manual ly  recorded as a backup f o r  t h e  DDAS. 

The D i g i t a l  Data A c q u i s i t i o n  System (DDAS) gathers,  cond i t i ons ,  d i g i t i z e s ,  
and records t h e  necessary t e s t  i n f o r m a t i o n .  The system ga the rs  i n f o r m a t i o n  
th rough  v a r i a b l e - r e l u c t a n c e  pressure t ransducers,  premium grade temperature 
thermocouples, and a Cox t u r b i n e  f lowmeter.  The s i g n a l s  a r e  t r a n s m i t t e d  
th rough  high-grade, low-capaci ty,  doub le -sh ie lded  cab les  t o  a m u l t i p l e x e r  
which commutates t h e  i n f o r m a t i o n  i n t o  a t i m e - s h a r i n g  schedule.  From there,  
t h e  s i g n a l - c o n d i t i o n i n g  u n i t s  reduce a l l  parameters t o  a u n i f o r m  v o l t a g e  i n p u t  
t o  t h e  a n a l o g - t o - d i g i t a l  conver ter ,  which conver t s  t h e  i n f o r m a t i o n  i n  a b i n a r y  
coded decimal form. The i n f o r m a t i o n  i s  t hen  rou ted  th rough  va r ious  l o g i c  
c i r c u i t s  t o  t h e  t a p e - w r i t e  a m p l i f i e r  and i s  recorded i n  a format  compa t ib le  
w i t h  the  I B M  7074 and 7094 computers. The computer uses t h i s  i n f o r m a t i o n  i n  
c o n j u n c t i o n  w i t h  p r e v i o u s l y  recorded c a l i b r a t i o n  d a t a  t o  reduce t h e  DDAS format  
t o  e n g i n e e r i n g  u n i t s  and t o  a form t h a t  i s  p r e s e n t a b l e  t o  t h e  C a l i f o r n i a  
Computer Products X-M B l o t t e r .  

The DDAS i n c o r p o r a t e s  230 reco rd ing  channels, of wh ich  27 were used f o r  
t h i s  t e s t .  The sampl ing r a t e  was 80 samples per  m i n  f o r  f o u r  m in  d u r i n g  t h e  
t r a n s i t i o n a l  phases from adsorb t o  desorb and reverse, and 8 samples per 
min f o r  t h e  remainder o f  each cyc le .  
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Item 
No. 

I 
I 

I 
I 
I 

i 
j 
! 
i 
j 
I 
I 

I 

2 

3 

4 

5 

6 

7 

8 

9 

I O  

I t 

12 

13 

14 

15 

16 

. 17 

18 

19 

20 

21 

2 2  

23 

24 

25 

26 

TABLE 2-1 

TEST PARAMETERS RECORDED BY 
THE OIGITAL DATA ACQUISITION SYSTEM 

Pa rarne t e r 

Heat exchanger gas i n l e t  temperature 

Heat exchanger gas o u t l e t  temperature 

P i t o t  tube No. I i n  temperature 

Coolant  i n  temperature 

Coo I a n t  o u t  temperature 

S i l i c a  ge l  'bed No. I temperature 

S i l i c a  g e l  bed No. 3 temperature 

S i  l i c a  ge l  bed No. 4 temperature 

Chamber No. I temperature 

Chamber No. 2 temperature 

Chamber No. 3 temperature 

Coolant  h e a t  exchanger LIP 

Coolant  i n l e t  p ressu re  

Heat exchanger p i  t o t  tube i n l e t  pressur 

Heat exchanger p i  t o t  tube A P  

Heat exchanger gas o u t  pressure 

Heat exchanger gas AP 

Chamber p ressu re  

Blowdown tank p ressu re  

Coolant  f l o w  

Cabin f a n  f requency 

Fan i n l e t  v o l t a g e  

Fan i n p u t  c u r r e n t  

Valve i n p u t  v o l t a g e  

Valve i n p u t  c u r r e n t  

Heater  wa t tage  

AIRESEARCH MANUFACTURING DIVISION 
Los Angeler, California 

Range 

-60' t o  16O0F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

-60' t o  160'F 

0 t o  2 p s i  

0 t o  120 p s i g  

0 t o  6 p s i a  

0 t o  4 i n .  H20 

0 t o  6 ps-ia 

0 ' t o  4 i n .  H20 

0 KO 6 p s i d  

30 t o  200 

20 t o  2000 cps 

200 t o  600 cps 

0 t o  400 
30 vrms 

0 t o  5 amps ac 

0 t o  30 v dc 

0 t o  5 amps dc 

0 t o  400 w 

T r a n s d u c e r  

CuC the  n o c o u p l  e 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocouple 

CuC thermocoup 1 e 

CuC thermocouple 

2.0 D 

, 150.0 D 

6.0 A 

0 .2  D 

6.0 A 

0.2 D 

6.2 A 

c vc 

Cox 100 I b / h r  

VD No. I 

M i c r o t r a n  MT 5, 
HP 400 H - VD NO. 4 

, 
M i c r o t r a n  MT I, SA 
No. I shunt - 50 

VD No. 3 

5 A No. 2 shunt - 50 

I H a l l  S/N I I  dev ice  I 

SS-3929 
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SECTION 3 

14-DAY SPACECRAFT C A B I N  M I S S I O N  SIMULATION TEST 

3.1 TEST PROCEDURE 

3.1.1 Evacuated t h e  vacuum chamber t o  5 p s i a  and ma in ta ined  t h i s  p ressu re  
f o r  t h e  d u r a t i o n  o f  t he  t e s t .  

3.  1 .2  
h e a t e r .  

Ma in ta ined  chamber temperature a t  75 55OF by r e g u l a t i n g  power t o  t h e  

3.1.3 The environment i n s i d e  the  chamber was a i r .  

3.1.4 S t a r t e d  t h e  fan and e s t a b l i s h e d  the  gas mass f l o w  through t h e  sorbent  
bed a t  15 l b  per  h r  by a d j u s t i n g  fan cove r  r i n g .  Th is  f l o w  r a t e  was ma in ta ined  
f o r  t h e  d u r a t i o n  o f  t he  t e s t .  

3.1.5 S t a r t e d  t h e  c o o l a n t  c a r t  and a d j u s t e d  
a temperat.ure a t  t h e  hea t  exchanger i n l e t  o f  

3. I .6 S t a r t e d  r e c o r d i n g  a l  1 t h e  parameters 
Data A c q u i s i t i o n  System. 

3.1 .7  I n i t i a t e d  r e q u i r e d  water  i n j e c t i o n  i n  

c o o l a n t  f l o w  t o  80 l b  p e r  h r  w i t h  
60 ?!OF. 

i s t e d  i n  Table 2-1, u t i l i z i n g  

o t h e  chamber t o  p r o v i d e  0 - 2  ? b  
per  h r  water  vapor f l o w  r a t e  through t h e  bed. T h i s  was accomplished by moni- 
t o r i n g  dew-point  temperatbre a t  the hea t  exchanger gas i n l e t .  

3.1,8 D u r i n g  the  !4-dav m i s s i o n  s i m u l a t i o n ,  t h e  f o l l o w i n g  c y c l i n g  was main- 
t a  i ned: 

a.  Water a d s o r p t i o n  fo r  30 m in  

b. Water deso rp t i on  f o r  15 min 

3 , !  .9 Water vapor i n j e c t i o n  i n t o  t h e  heat  exchanger was v a r i e d  i n  the  sequence 
shown below every 60 h r :  

TABLE 3-1 

Dew P o i n t  Temperature ( O F j  Water Vapor Flow Rate Minimum Power I n p u t  
a t  Heat Exchanger I n l e t  I b /h r  I n t o  t h e  Heater .  Watts)' 

37 0,2 62 
4 7  0.3 92 
53 0.38 117 
57 0.45 138 
64 0.54 ! 67 

_I 

" b a r f e d  power i n p u t  t o  m a i n t a i n  cabin temperature a t  75 +5OF 
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3.1.10 The s e q u e n t i a l  events  requ i red  t o  accompl ish t h e  c y c l e  l i s t e d  I n  
Paragraph 3.1.8 were: 

3. I .  
m i  s s  
30 m 

3. I .  
we r e  

3. I .  I O .  I 

3. I .  10.2 

3. I .  10.3 

3. I .  10.4 

3. I .  10.5 

3. I - 10.6 

3. I .  10.7 

3. I .  10.8 

3. I .  10.9 

3. I .  I O .  IO 

3. I I O .  I 1 

3. I .  I O .  12 

3. I .  I O .  I 3  

3. I .  10.14 

3. I .  IO. 15 

3. I .  I O .  I 6  

To c l o s e  the  vacuum va lve  and open t h e  c a b i n  v a l v e .  (This  was 
accomplished a u t o m a t i c a l l y  f rom t h e  c o n t r o l  conso le . )  

To c l o s e  condenser t e s t  va lves.  

C i r c u l a t e  chamber gas through t h e  so rben t  bed a t  15 l b  pe r  h r  
r a t e  f o r  30 min.  

Twenty minutes a f t e r  opening t h e  c a b i n  valve, s t a r t  p r e c o o l i n g  
condesser (used t e  m i n i m i z e  m o i s t u r e  e n t e r i n g  vacuum system) 
by f l o w i n g  l i q u i d  N 2  through t h e  c o i l s .  

Open condenser t e s t  va l ves .  

Evacuate t h e  l i n e  t o  30 microns o r  lower .  

A f t e r  30 min o f  water a d s o r p t i o n  per iod,  c l o s e  c a b i n  v a l v e  and 
open t h e  vacuum valve.  

Desorb f o r  15 min.  

Close t h e  vacuum va lve  and open c a b i n  va l ve .  

Close condenser t e s t  va l ves .  

S t a r t  condenser d e i c i n g  and water  recove ry  process. 
was accompl ished w i t h i n  20 m in . )  

(Th is  

Open condenser t e s t  va 1 ves. 

S t a r t  p r e c o o l i n g  of t h e  condenser f o r  I O  min.  

A f t e r  30 m i r !  of w a t e r  adsorpt ion,  c l o s e  t h e  c a b i n  v a l v e  and 
open t h e  vacuum valve.  

Desorb f o r  15 min. 

Repeat s teps 3.1.10.9 through 3.1.10.15. 

I The cyc l ing-sequence t i m i n g  p e r i o d  remained t h e  same f o r  344 h r  of t h e  
on. Dur ing  t h e  l a s t  I I  h r  o f  t h e  miss ion,  c y c l i n g  of  30 m in  adsorb, 
n desorb, and 15 m i n  adsorb, and 30 min adsorb was a l s o  performed. 

2 D u r i n g  t h e  e n t i r e  14-day miss ion,  t e s t  parameters l i s t e d  i n  Tab le  2-1 
recorded by  an IBM d a t a  a c q u i s i t i o n  system. 
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3.1.13 The f o l l o w i n g  t e s t  parameters were recorded manual ly :  

3.1.13.1 Heat exchanger i n l e t  dew-point  temperature--every 5 min d u r i n g  
t h e  a d s o r p t i o n  cyc le .  

3.1.13.2 Heat exchanger o u t l e t  dew-point  temperature--every 5 min d u r i n g  
t h e  a d s o r p t i o n  cyc le .  

3.1.13.3 Cabin top, middle, and bot tom dew p o i n t s - - e v e r y  5 m i n  d u r i n g  
t h e  d e s o r p t i o n  cyc le .  

3. I .  13.4 Chamber pressure--every hour .  

3. I .  13.5 Vacuum 1 i n e  pressure--before every d e s o r p t i o n  c y c l e .  

3.1.13.6 Weight of t he  water- -every hour .  

3.1.13.7 Heater power--every hour.  

3. I .  14 A Brown reco rde r  was used t o  reco rd  t h e  f o l l o w i n g  temperature param- 
e t e r s :  

3.1.14.1 Heat exchanger i n l e t  

3. I .  14.2 Heat exchanger o u t l e t  

3.1.14.3 Coolant  i n  

3.1.14.4 Chamber No. 1 

3.1.14.5 Chamber No. 2 

3.1.14.6 Chamber No. 3 

3.1.14.7 Dew p o i n t  ana lyze r  No. I l i n e  temperature 

3.1.!4.8 Dew p o i n t  ana lyze r  No. 2 l i n e  temperature 

3.1.15 The amount o f  t h e  water  recovered was measured and recorded. 

3.1.16 Tes t  complet ion:  

3. I .  16. I F i n i s h e d  t h e  miss ion w i t h  t h e  d e s o r p t i o n  c y c l e .  

3.1.16.2 S t a b i l i z e d  t h e  system and depressu r i zed  t h e  chamber. 

3.1.16.3 Turned t h e  f a n  o f f .  

3.1.16.4 Removed t h e  system from t h e  t e s t  setup 

AIRESEARCH MANUFACTURING DlVlSlON 
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3.2 D I S C U S S I O N  OF TEST RESULTS 

D u r i n g  t h e  14-day Gemini m iss ion  s i m u l a t i o n  t e s t ,  t h e  f o l l o w i n g  s i x  
wa te r  vapor f l o w  r a t e s  were i n i t i a t e d  th rough  t h e  so rben t  bed i n  a c y c l i c  
manner and ma in ta ined  f o r  approx imate ly  60 h r  each: 

Water Vapor Flow Rate Chamber Dew P o i n t  

0.2 l b / h r  (37OF) 

0.3 l b / h r  (min) 

0 .38 l b j h r  (nominal 1 
0.45  I b / h r  (max) 

Requ i r e d  

Ran ge 

0.50 l b / h r  (61 OF) 

0.54 l b / h r  (64OF) 

The a i r  f l o w  through t h e  s i l i c a  g e l  bed was s e t  and ma in ta ined  a t  
15 20.5 l b  pe r  h r .  
chamber d r y - b u l b  temperature a t  8OoF. 
exchanger was e s t a b l i s h e d  a t  80 l b  per h r  w i t h  t h e  c o o l a n t  i n l e t  temperature 
t o  t h e  hea t  exchanger a t  6OoF. 
the  bed, t h e  dew-point  temperature was measured and ma in ta ined  a t  t h e  hea t  
exchanger i n l e t .  

The chamber pressure was ma in ta ined  a t  5 p s i a  and t h e  
The c o o l a n t  f l o w  through t h e  hea t  

To assure t h e  r e q u i r e d  water f l o w  r a t e  through 

D u r i n g  t h e  miss ion,  t h e  system opera ted  as r e q u i r e d  and met a1 I des ign  
requi rements (0.3 l b  per  hr ,  0.38 l b  pe r  hr, and 0.45 l b  per  h r  water  vapor 
f l o w  r a t e s )  u s i n g  a c y c l i n g  o f  30 m in  adsorb and 15 m i n  desorb t ime.  
when 0.5 l b  p e r  h r  water  vapor f l ow  r a t e  was i n i t i a t e d ,  which i s  i n  excess o f  
t h e  des ign  requi rements o f  the system, t h e  hea t  exchanger 's  o u t l e t  dew-point  
temperature increased t o  33OF. The c y c l i n g  was then changed t o  30 rnin adsorb 
and 30 min desorb, which r e s u l t e d  i n  o n l y  a s l i g h t  d rop  i n  o u t l e t  dew p o i n t ;  
b u t  when c y c l i n g  was changed t o  15 min adsorb and 30 min desorb, hea t  exchanger 
o u t l e t  dew-point  temperature decreased from 27OF t o  10°F i n  4 h r .  

However, 

Only t y p i c a l  hea t  exchanger i n l e t  and o u t l e t  dew-point temperatures and 
chamber d r y - b u l b  temperature a t  t h e  b e g i n n i n g  and t h e  ending o f  each wa te r  
i n j e c t i o n  r a t e  and t h e  more s i g n i f i c a n t  parameters o f  0.45 l b  per h r  wa te r  
i n j e c t i o n  r a t e  a r e  chosen f o r  p r e s e n t a t i o n  i n  t h i s  r e p o r t  because o f  t h e  
voluminous amount o f  d a t a  produced by t h e  DDAS. 
t e s t  d a t a  and 200 sheets o f  manual d a t a  a r e  on f i l e .  Table 3 - 2  summarizes 
t h e  most s i g n i f i c a n t  t e s t  parameters o f  t h e  m iss ion .  

The remain ing p l o t s  o f  t h e  

The h e a t  exchanger i n l e t  and o u t l e t  dew-point  and chamber d r y - b u l b  
temperatures between 10.5 and 22.25 m i s s i o n  hours and between 54 .5  and 66.5 
m i s s i o n  hours a r e  presented i n  F igures 3-1 and 3-2. The r e q u i r e d  water vapor 
f l o w  r a t e  i n t o  t h e  s i l i c a  gel bed was 0.2 l b  pe r  h r .  The r e q u i r e d  dew-point  
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temperature a t  t h e  hea t  exchanger i n l e t ,  based on 15 l b  pe r  h r  a i r  f low, was 
37OF. F i g u r e  3-2 a l s o  p resen ts  the  f i  r s t  12 h r  o f  0 .3 I b  pe r  h r  water  vapor 
f l o w  r a t e  through t h e  u n i t .  The requ i red  heat  exchanger i n l e t  dew p o i n t  was 
47OF, and t h e  heat  exchanger o u t l e t  dew-point  temperature s tayed between 
12.5OF and 15OF most of t he  time, showing a s l i g h t  decrease between 130 and 
135 h r .  The a c t u a l  i n l e t  dew p o i n t s  d u r i n g  t h e  adsorb c y c l e  showed some 
degree o f  v a r i a t i o n ,  because t h e  water i n j e c t i o n  r a t e  i n t o  t h e  chamber remained 
cons tan t  d u r i n g  t h e  adsorb and desorb c y c l e $  w h i l e  no m o i s t u r e  was removed 
from the  chamber d u r i n g  the  desorb c y c l e ;  t h i s  caused t h e  dew p o i n t  t o  go up. 
F i g u r e  3-3 p resen ts  f o u r  t y p i c a l  cont inuous c y c l e s  showing t h e  h e a t  exchanger 
i n l e t  dew-point  temperature changing from 46OF t o  32OF d u r i n g  a d s o r p t i o n  
p e r i o d  and from 32OF t o  46OF du r ing  d e s o r p t i o n  c y c l e .  
o u t l e t  dew-point  temperature va r ied  f rom 5OF t o  IOOF. 
t i o n ,  improved vacuum dropped t h e  heat  exchanger 's o u t l e t  dew p o i n t  f rom 
9OF t o  2.5OF. 
f l o w  r a t e  a r e  presented i n  F i g u r e  3-4. The heat  exchanger o u t l e t  temperature 
d u r i n g  adsorb mode increased from 10°F t o  15OF. 

The h e a t  exchanger 
A f t e r  16 h r  o f  opera- 

Four t y p i c a l  cont inuous c y c l e s  a t  0.3 l b  per  h r  water  vapor 

F igu res  3-5 and 3-6 show r e q u i r e d  and a c t u a l  i n l e t  dew-point  temperatures 
a t  0.38 l b  pe r  h r  (nominal )  water  vapor f l o w  r a t e .  
i n l e t  was 53OF; t h e  a c t u a l  i n l e t  dew p o i n t  a t  t h e  beg inn ing  o f  t h i s  r u n  was 
s l i g h t l y  low (5OoF - 47.5OF) o u t l e t  dew p o i n t  v a r i e d  between 15OF and 2OoF. 
A t  202.5 hr, hea t  exchanger o u t l e t  dew p o i n t  increased t o  27OF, because t h e  
i n l e t  dew-point  temperature wc 's  too h igh.  F i g u r e  3-7 p resen ts  f o u r  c o n t i n u -  
ous c y c l e s  a t  0.38 l b  pe r  h r  water vapor f l o w  r a t e .  The i n l e t  dew p o i n t  
v a r i e d  between 6OoF and 48OF du r ing  a d s o r p t i o n  and between 48OF and 60°F 
d u r i n g  d e s o r p t i o n .  

Required dew p o i n t  a t  t h e  

The o u t l e t  dew p o i n t  was between 15OF and 2OoF. 

F i g u r e  3-8 covers t h e  t ime between 287 and 310 h r  o f  t h e  m i s s i o n .  D u r i n g  
t h i s  t ime, the water  vapor f l o w  ra te  was a t  des ign  maximum, 0.45 l b  per h r ,  
The r e q u i r e d  and a c t u a l  heat exchanger i n l e t  dew-point  temperatures were a t  
57OF. 
t u r e  ( d r y - b u l b )  was 80.5'F. 
F i g u r e  3-9. 
and d u r i n g  t h e  desorb c y c l e  from 5OoF t o  65OF. 
t u r e  v a r i e d  between 2C0F aiid X 0 F .  

The o u t l e t  dew p o i n t  va r ied  between 22.5 and 30.OoF. Chamber tempera- 

I n l e t  dew p o i n t  d u r i n g  t h e  adsorb c y c l e  v a r i e d  f rom 65OF t o  5OoF 
The o u t l e t  dew point - tempera-  

Four t y p i c a l  cont inuous c y c l e s  a r e  presented i n  

D u r i n g  t h e  l a t e r  p a r t  o f  t h e  s i m u l a t e d  miss ion,  water vapor f l o w  r a t e s  
i n  excess o f  t h e  r e q u i r e d  maximum were used i n  o r d e r  t o  determine t h e  o p e r a t i n g  
l i m i t s  o f  t h e  moisture-removal  system. A wa te r  vapor f l o w  r a t e  o f  0.54 l b  per  
h r  was run, and t h e  r e s u l t s  a r e  presented i n  F i g u r e  3-10. To ach ieve  t h i s  
vapor f l o w  r a t e  a t  t h e  gas f l o w  r a t e  o f  15 l b  pe r  hr, i t  was necessary t o  
m a i n t a i n  a s imu la ted  cab in  dew p o i n t  o f  app rox ima te l y  64OF, which i s  h i g h e r  
t h a n  d e s i r a b l e .  
exper ienced, i n d i c a t i n g  a decreased dynamic removal e f f i c i e n c y .  

I n  a d d i t i o n ,  system o u t l e t  dew p o i n t s  i n  excess o f  3OoF were 

The water  vapor f l o w  r a t e  was t hen  reduced t o  0.50 l b  per  h r  and t h e  
system o u t l e t  dew p o i n t  s t i l l  remained r a t h e r  h i g h  and showed a tendency t o  
i n c r e a s e  w i t h  time, as i n d i c a t e d  i n  F i g u r e  3-11. I n  o r d e r  t o  p reven t  an 
i n c r e a s e  i n  t h e  o u t l e t  dew p o i n t ,  t h e  d e s o r p t i o n  t ime was increased from 
15 m in  t o  30 min.  T h i s  improved t h e  performance somewhat, b u t  t h e  tendency 
f o r  t h e  o u t l e t  dew p o i n t  t o  increase p e r s i s t e d .  Next t h e  a d s o r p t i o n  t i m e  was 
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reduced from 30 min  t o  15 min, 
performance. F igures  3-12, 3- 
dew p o i n t  p r o f i l e s  f o r  t h e  va r  

which r e s u l t e d  i n  a marked improvement i n  
3, and 3-14 show t y p i c a l  o u t l e t  and i n l e r :  
ous combinat ions o f  c y c l e  t ime  desc r ibed  above. 

I t  i s  impor tan t  t o  no te  t h a t  i n  t h e  above d i s c u s s i o n  the  wa te r  vapor f l o w  
r a t e  r e f e r r e d  t o  d e f i n e s  t h e  amount o f  m o i s t u r e  f l o w i n g  th rough t h e  a d s o r p t i o n  
bed. The t o t a l  amount o f  wa te r  r e j e c t e d  t o  t h e  s imu la ted  vacuum i s  t h e  p roduc t  
o f  t h e  wa te r  vapor f l o w  ra te ,  t h e  dynamic removal e f f i c iency ,and t h e  r a t i o  o f  
a d s o r p t i o n  t ime t o  t o t a l  e lapsed time. 

Several s i g n i f i c a n t  parameters mon i to red  by t h e  DDAS and p l o t t e d  by  t h e  
X-Y p l o t t e r  were se lec ted  f o r  t h i s  r e p o r t  as t y p i c a l .  These p l o t s ,  F igu res  
3-15 through 3-28,, cover  approx imate ly  t h e  same p e r i o d  i n  t h e  m i s s i o n  as i s  
covered i n  F igu re  3-8. 
was too  voluminous t o  be presented  i n  t h i s  r e p o r t ;  i t  i s  on f i l e ,  however, a t  
A i  Research. 

The t o t a l  data o u t p u t  o f  the  DDAS (900 separa te  p l o t s )  

I n  conclusion, i t  can be s t a t e d  t h a t  t h e  system opera ted  s a t i s f a c t o r i l y  
and met a l l  des ign  requi rements even though d e s o r p t i o n  was performed a t  a much 
h i g h e r  vacuum than was des i red .  
a c t u a l  = 300 mic rons) .  
a h i g h e r  water  a d s o r p t i o n  r a t e  than requ i red ,  i f  t h e  c y c l i n g  o f  15 m in  adsorp- 
t i o n  and 30 min  d e s o r p t i o n  were employed. 

(Des i rab le  vacuum p ressu re  = 30 mic rons ;  
The system a l s o  showed a p o t e n t i a l  a b i l  I t y  t o  hand le  

ml AIRESEARCH MANUFACTURING DMSlON 
Los Angeles. Calllornla 
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